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MEMS structures characterization on PMMA layer
using KrF excimer laser micromachining
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This paper presented the study of MEMS structures characterization on PMMA layer by using the 248nm Krypton Fluoride
(KrF) excimer laser micromachining. To study surface quality of PMMA, the microdrilling process was carried out to produce
the holes. By using the KrF excimer laser, the relationship between the ablation parameter and the size of the holes was
investigated. To further confirm the relationship between ablation parameters and the surface quality, several
microchannels of the microfluidic structures were fabricated by varying the energy and frequency in order to obtain the
optimize parameters. The width of the microchannels increased when the energy increased. After the micromachining
process, the microchannels were fabricated again by different beam size. The increment in beam size caused the width of
the microchannel to be increased. The physical deformation of the holes and the microchannel were observed by using the
High Power Optical Microscope.
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1. Introduction The application of the MEMS devices are pressure
sensor, accelerometer, flow meter, micro fluidic chips and
micro dispensers which is available in the medical field
[2]. Market analysis has predicted that the MEMS chips
will reach $22 billion in the year 2018 [3]. Figure 1,
indicates the prediction of the MEMS market from year
2012 until year 2018.

From the BioMEMS 2013 report and also the forecast

analysis, the micro system technology is penetrated the

Micro-Electro-Mechanical System (MEMS) is a small
and integrated device which is fabricated through the
micromachining technology or micro fabrication
technology. MEMS are also known as the micro system
technology and are implemented in many fields. Examples
of field include medical field, military field and education
field. The recent research has showed that the BloMEMS

market is expected to be increased from $1.9B (year 2012)
to $6.6B (year 2018) [2]. This result is written in the
BioMEMS 2013 report which mention about the Micro
system device market and the application of the MEMS
devices in health care [2].

MEMS market forecast 2012-2018 value (in M$)
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Fig. 1 : MEMS market forecast from year 2012 to year 2018 [3]

market for the large variety of the products. There are
some list of the MEMS devices and their relative potential
market area.

Nimai et al. [5] had conducted the experiment of
micromachining on PMMA layer by using the carbon
dioxide laser in year 2008. Throughout the experiment,
they investigate the effect of the carbon dioxide laser with
varies power on the surface of PMMA [5]. The different
power of carbon dioxide laser gave impact on the depth
and width of the micro channel that produced after
micromachining.

In year 2012, another group of researchers did the
research about micromachining of MEMS materials by
using the krypton fluoride (KrF). The KrF excimer laser
was used to do the micromachining process on four
different materials those were silicon, soda lime glass,
poly-dimethyl siloxane (PDMS) and SU-8 [6].
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Table 1. MEMS devices and potentials market areas[1], [4]

MEMS devices Potential market area
Pressure sensor, Inertial Automotive, Medical
sensor

Accelerometer
Micro Fluidic

Micro-optical devices

Aerospace
Medical, Customer electronic
Measurement, Communication

Automotive, Medical
Communication, Aerospace,
Defense

Flow sensor
RF MEMS

Information technology
Customer electronic,
Communication, Aerospace,
Defense

Linear actuator
IR sensor

Micro-relays and

switches Environment technology

Fluid handling systems Pharmaceutical industry

During the experiment, the relationship between laser
ablation parameter and etch performance were
investigated. Examples of the laser ablation parameters
included flounce, number of pulses and frequency.

Among all the paper that referred, the two papers that
stated above were the favorite papers that help a lot. In this
work, the focus would be use KrF laser in the
micromachining process on the PMMA layer. The
optimized ablation parameters were determined for the
PMMA material was the main purpose of this work. The
effect of the frequency of the laser toward the uniformity
was studied. The effects of the beam size also investigated
after obtain the best choice for the better ablation surface
quality. To the best of author’s knowledge minimal work
has been done on this area.

Laser micromachining is a process of ablation which
is used to remove the unwanted part of the material that
based on the desired design [4], [7]. The ablation process
is depending on the materials and the ablation parameters
[4]. The laser micromachining does not require the mask
to transfer the pattern to wider range of the materials and
also provides the high resolution of the images [8], [9],
[10].

2. Types of Excimer Laser

There are several types of excimer lasers. Each of the
excimer lasers have their own wavelength and are suitable
in different application. The common lasers which are
used to fabricate the MEMS-related work are the ArF and
KrF. Shorter wavelength of the excimer laser results in the
better resolution of the pattern or structure that fabricated
[4]. The absorption of the laser is related to the wavelength
of the laser. This is due to the laser ablation is strongly
depended on the absorption of the laser. Thus, among the
entire excimer laser, it has to be chosen carefully which
lasers can give the maximum absorption. The strong
absorption provides slow rate of the material removal.

This allows to control the etch depth by shooting the laser
on the material.

Table 2. Types of excimer laser and their relative

wavelength [11]
Excimer lasers Wavelength, A/ nm
Fluorine, F2 157
Argon Fluoride, ArF 193
Krypton Fluoride, KrF 248
Xenon Bromide, XeBr 282
Xenon Chloride, XeCl 308
Xenon Fluoride, XeF 351

In the manufacturing field, the excimer laser is used to
process the material. In order to process the material or to
fabricate the pattern with good resolution, the shorter
wavelength of the laser is chosen. Shorter wavelength of
the laser makes the beam more focus on the smaller area
of the spot [12].

Excimer laser photons

Matarial

Fig. 2: Excimer laser processing the material [12]

In the fig. 2, the excimer lasers are used to etch the
polymer material. When the photon interacts with the
polymer, the photon breaks the bonding of the polymer.
The excimer lasers are absorbed by the polymer and thus
break the weak polymer bonding.

With the application of the laser beam, laser
micromachining is used to transfer the pattern design
without using the mask. The process step is simple and
faster than that that the conventional photolithography.
With the correct ablation parameters such as the frequency
of the laser, number of pulses and the energy of the laser,
the ablation process is started to ablate the silicon
substrate.
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Fig. 3: The Simplified Laser Micromachining

2.1 Ablation on different MEMS materials using
Excimer Laser

There are many types of MEMS materials. Different
materials have their relatively properties. Thus, when the
micromachining process is done on the different materials,
the results will be different although the same ablation
parameters are used. Four types of materials are chosen as
the MEMS materials which are used to investigate the
relationship between the ablation parameters and the etch
performance by using 248nm of krypton chloride (KrF)
excimer laser [6]. The fours MEMS materials are silicon,
SU-8 photoresist, soda lime glass and PDMS (poly-
dimethylsiloxane). The ablation parameters refer to the
number of pulses, fluency and frequency. Throughout
these three parameters, the number of pulses and the
frequency shows no significant difference in etch rate but
the increasing of fluency affect the etch rate to be
increased [6].

Silicon w

Soda lime glass|

Fig. 4:Images of excimer laser cuts on four materials [6]

Based on the four images in figure 4, the soda lime
glass with the damaged which is due to the high repetition
of the KrF laser [6]. For silicon and the SU-8 photoresist,
the surfaces are dirt free and have soft cut edges [6]. The
surface of PDMS is same as the silicon and SU-8 but the
only different is that it shows the obvious burnt area.

The chemical name of the PMMA is polymethyl
methacrylate, which is a type of polymer. When the
methylmethacrylate undergoes the process of free radical
polymerization, the PMMA is formed. PMMA is a rapid
blazing thermoplastic [5]. If the temperature below the
glass transition temperature (Tg ), the state is PMMA is
glassy [5]. If the temperature is above (Tg), the state of
PMMA is rubbery [5]. At the high temperature between
170 degree Celsius and 210 degree Celsius, the
deformations of long range of the molecular chains occur
[5]. Due to the big zip lengths of the PMMA,
approximately 1000 number of monomers per initiation
event is produced and the overpoweringly main product of
monomer methacrylate is released from the bulk stage [5].

2.2 Application of Excimer Laser Micromachining

KrF laser is used to fabricate ink injection nozzle
through the drilling process. In the inkjet printers, it
consists of a row of small tapered holes [18]. The purposes
of the holes are to squire the ink droplets onto the paper.
Better printer quality requires lesser nozzle diameter,
smaller whole pitch and broadening the head [18].

leg; 5: Nozzles of ink jet prinier [18]

The micro applications can be fabricated through the
excimer laser micromachining. Generally, the micro
structure of the micro applications requires high precision
of the patterning. Thus, the integrated circuit with the
features below the scale of 500nm is available to fabricate
[19].

Fig. 6: The microstructure by excimer laser
micromachining [19].
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Fig. 7. The sample of integrated circuits with features
of below 500nm [19]

3. Experimental Setup
3.1 Sample preparation

Two N-type (100) wafers were prepared. The
following step was to cut the wafers into individual die.
The Scriber S 2000 (Pioneer Standard (Asia Pacific) Sdn.
Bhd) was used to cut the wafers into the size of 2cm x 2cm
die. Before the coating process, all die were cleaned by
using the BOE solution in order to remove the native
oxide and the dirt on the surface of the die. The chemical
of 495 PMMA A 2 with 2% in anisole was selected as the
photo mask. This 495 PMMA was a positive radiation
sensitive resist. When handled this chemical, kept away
the chemical from heat, spark and flame as it was
flammable.to coat the 495 PMMA on the surface of the
die, the equipment used was Spin Process Controller
(MIDAS). Several spin speed were chosen to coat the 495
PMMA. The purpose of this process was done was to
determine whether the different spin speed would affected
the surface smoothness. During the coating process, the
spin speed was set as 1000rpm, 1500rpm, 2000rpm,
2500rpm and 3000rpm for duration of 25s. Soft bake
process was took place to harden the 495 PMMA layer at
90°C. After the coating process, Atomic Force Microscopy
(AFM) for analyzing the surface.

3.2 KrF Excimer Laser microdrilling and
micromachining

Microdrilling process was a process to drill a hole.
During the process, the pulse number was fixed at the
value of 300 and the pulse rate was also fixed at the value
of 200. To drill the holes, varies energy of 3mJ, 6mlJ,
10mJ, 15mJ and 18mJ] were selected and also the
frequencies of 10Hz, 50Hz, 100Hz, 200Hz and 400Hz.

At micromachining process, The pattern of the
microchannels was designed by using the AutoCAD. The
design transferred to the RapidX machine and converted
into machine code. The microchannels were fabricated by
varying the frequencies, which were 100Hz, 200Hz,
300Hz and 400Hz, and the energies of 3mJ, 8mJ, 15mJ
and 18mJ. Again the number of pulses was set to 300 and

the pulses rate was set to 200. After this process, the
optimized ablation parameters were determined as shown
in Fig 8.
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Fig. 8: The design of the microchannel

Table 3: Design specification of the microchannel

Line Length
A 0.3mm
B 0.lmm

C,D 0.4mm
E 0.05mm
F 0.02mm

In one dice, there was 16 microchannels were
fabricated but in different ablation parameters. In this
experiment, the optimized ablation parameters were
determined. The optimized ablation parameters were used
in fabricating the structure of the microchannel. By using
the same design as shown in figure 9, six microchannels
were fabricated but with the different beam size. The
purpose of this experiment was to investigate the
relationship between the beam size and the length width of
the microchannel. Thus, the sizes of the beam used were
0.1mm, 0.3mm, 0.5mm, 0.8mm, 1.0mm and 5.0mm.
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Fig. 9: Design of microchannel in one dice

4. Experimental Results

4.1 Thickness and surface uniformity of PMMA
layer

There were several samples undergo the spin coating
process with different spin speed setting. According to the
datasheet of PMMA, different spin speed setting gave
different thickness of the PMMA layer. However, there
was no apparatus to exactly measure the thickness of the
PMMA. Thus, alternative method was used to
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approximate the thickness of the PMMA. The
approximated method was to determine the height of the
grain size of the PMMA through the Atomic Force
Microscopy (AFM). From this method, the approximated
thickness of the PMMA layer can be identified. However,
the disadvantage of the AFM was the time consumed to
measure the sample was long. Therefore, only three
samples with different spin speed setting were selected.
The figure 10, figure 11 and figure 12 indicated that the
2D and 3D images under the AFM for three samples.
Sample 1 represented the die with the coated PMMA
under the spin speed of 1000rpm. The sample 2 was the
coated PMMA die with 2500rpm while sample 3 was
coated under the speed of 3000rpm.

Fig. 10: 2D and 3D images of PMMA coated dice with 1000rpm

Fig. 12: 2D and 3D images of PMMA coated dice with 3000rpm

Based on the results, the yellow portion represented
the highest height of the PMMA while the brown portion
represented the lowest height of the PMMA. Different spin
speed affected the thickness of the PMMA which coated
on the silicon dice. The maximum thickness of the PMMA
was the sample 1, which is coated with the speed of
1000rpm, gave the results of 5.14 nm. The sample 2,
coated with the speed of 2500rpm, had the maximum
thickness of 2.39 nm. The sample 3, coated with the speed

of 3000rpm, had the maximum thickness of 1.97 nm. The
spin speed setting was eventually affected the thickness of
the PMMA. The lowest spin speed setting had the thickest
layer compared to the high spin speed setting. Another
extra measurement was carried out using the AFM was the
surface analysis. In the surface analysis, the peak and
valley regions were investigated. The peak was the highest
height of the PMMA while the valley was the lowest
height of the PMMA. This data was known as the spacing
parameters and this measurement for all the three samples
was based on the horizontal features of the PMMA
surface. Generally, this was important to optimize the
surface quality and to control the void fraction in PMMA
materials especially the designer wanted to use the PMMA
to design the micro engineering application.

211
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Fig. 14: The surface analysis for sample 2
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Fig. 15: The surface analysis for sample 3

4.2 Holes surface quality through microdrilling
process

The purpose of this step was to investigate the effect
of the energy and frequency to the size of the holes and
also the determination of the optimized ablation
parameters. The Fig. 16 showed the effect of change of the
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ablation parameters (energy and frequency) to the surface
quality of PMMA.

Energy
increases

Fig. 16: The images of holes under high power optical
microscope

Based on the results that obtained, the effect of the
energy of laser showed great impact on the size of the
square like pattern compared to the frequency of laser. The
low energy of energy provides the small size of the
pattern. As the energy of the laser gradually increased, the
size of the pattern had clearly shown that the size of the
pattern increased. However, when the energy of the laser
achieve the maximum energy which was 18mlJ] (the
limitation of the highest energy), the burnt mark area was
observed. On the other hand, the frequency did not showed
much different on the size of pattern. The frequency
cannot show the effect clearly through the microdrilling
process. Therefore, the micromachining process was
carried out. Actually, from the microdrilling process, the
optimized ablation parameters could be obtained. However
to further confirm the optimized ablation parameters and
also the effect of the frequency on the surface quality, the
micromachining process was carried out. Throughout this
microdrilling process, the dominant factor to cause the size
of the holes to be increased was the energy of the laser
compared to the frequency.

5. Conclusion

This paper described the characterization of MEMS
structures on PMMA using KrF excimer laser. The focus
of the project was to study the surface quality of the
structure produced by the KrF excimer laser on PMMA
layer. Throughout the project, a simple MEMS structure of
the microfluidic structures which was the microchannel
was fabricated to determine the optimized ablation
parameters. In the sample preparation step, the spin coat
technique was used to coat the PMMA with the different
spin speed setting. The AFM was used to estimate the
thickness of the PMMA as there was no other apparatus to
use to measure the actual thickness of the PMMA. The
different spin speed setting gave the different thickness of
the PMMA. The low spin speed setting (1000rpm) gave
the highest height of the grain size which was 5.14nm

whereas the high spin speed setting (3000rpm) had lowest
grain size which was 1.97nm.
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